Background/Objectives: Adverse developmental consequences of low-birth-weight (LBW) infants have been frequently reported from developed countries where most of them are preterm. Few reports are available from developing countries, where the problem is huge and newborns are mostly term babies. We aimed to compare mental and psychomotor development and behavior of LBW Bangladeshi infants with those of normal-birth-weight (NBW) infants. Subject/Methods: Secondary data analyses from a randomized controlled trial of fish oil supplementation during pregnancy on infants' development at 10 month. There was no effect of supplementation on infants' development. All LBW (n ¼ 66) and NBW (n ¼ 183) infants were assessed for their mental development index (MDI), psychomotor development index (PDI), behavior and quality of psychosocial stimulation received at home. Socioeconomic information and anthropometric measurements were available, and bivariate and multivariate analyses were performed to examine group differences. Results: LBW infants scored significantly lower than NBW infants on MDI, PDI, activity and emotional tone. They came from comparatively poorer families and had lower gestational age than the NBW infants. After controlling for possible confounders, the NBW infants had significantly higher MDI (B ¼ 2.7, s.e. ¼ 1.1, 95% confidence interval (CI): 0.6-4.8), PDI (B ¼ 3.5, s.e. ¼ 1.3, 95% CI: 1.0-6.0) and activity (B ¼ 0.5, s.e. ¼ 0.2, 95% CI: 0.1-0.9) scores. Furthermore, in a subgroup analyses, a consistent pattern of developmental delay was also noted in favor of term-LBW infants. Conclusions: In a poor-urban Bangladeshi community, LBW infants had significantly lower mental and psychomotor developments and were less active than NBW infants at 10 months of age.
Introduction
Every year approximately 20 million low-birth-weight (LBW: birth weight o2500 g) babies are born globally, most of whom are from less developed countries (UNICEF and WHO, 2004) . They comprise a heterogeneous group of both preterm (o37 weeks of gestation) and full-term (T-LBW: X37 weeks of gestation with birth weight o2500 g) LBW babies. These children usually suffer from high rates of morbidity and mortality, mostly due to infectious diseases and tend to remain underweight, stunted or wasted throughout their childhood (Victora et al., 2008) . LBW babies from developed countries are mostly preterm and there are many reports of adverse developmental consequences (Zwicker & Harris, 2008; Anderson & Doyle, 2008) . Surprisingly, very few reports are available concerning developmental outcomes of LBW infants from developing countries who are mostly T-LBW and where the problem is huge (Aylward et al., 1989; Grantham-McGregor, 1998; Grantham-McGregor and Fernald, 1999; Walker et al., 2007) . Majority of these studies showed consistent detrimental effects of LBW on cognitive function and school performance (Paz et al., 1995; Tandon et al., 2000) , neurodevelopmental outcomes (Fattal-Valevski et al., 1999; Leitner et al., 2000) , psychomotor performance (Lasky et al., 1975; Villar et al., 1984; Grantham-McGregor et al., 1998) , verbal factors (Gorman and Pollitt, 1992) , visual-evoked potential and brainstem-conduction time (Jiang et al., 1991) . Only one study from Indonesia showed no difference on the development of motor skills between normal-birth-weight (NBW: birth wt X2500 g) and LBW infants during their infancy (Kardjati et al., 1991) . Timely intervention, however, was shown to ameliorate many of the detrimental effects of LBW. For example, in India, when proper care was provided in the hospital, T-LBW infants improved in their neurobehavioral pattern on the 14th post-natal day similar to NBW babies (Padidela and Bhat, 2003) . In Jamaica a randomized trial of simple intervention program of eight home visits for the first 8 weeks of life, benefited T-LBW infants' problem solving ability and behavior at 7 months and developmental quotient at 12 months (Gardner et al., 2003; Walker et al., 2004) .
We conducted a randomized controlled trial of fish oil or soy oil supplementation during pregnancy and measured the development and behavior of the infants at 10 months. There was no effect of supplementation on any of the developmental measures (Tofail et al., 2006) . In this report, we conducted post-hoc analyses and compared all the available LBW infants with NBW infants.
Subject and methods

Study subject and data collection
The original study population consisted of 249 infants born between June 2000 and August 2001, in a poor urban area in Dhaka city, where illiteracy, poverty, overcrowding, poor housing and poor hygiene were the common features. The pooled data of all available children contained 66 LBW and 183 NBW infants.
Developmental assessment
A revised version of Bayley Scales of Infant Development (Bayley, 1993) was used to assess development at the age of 10 month ± 15 days. The scale comprises of mental development index (MDI) and psychomotor development index (PDI), and has been previously used in many studies in Bangladesh (Hamadani et al., 2001 (Hamadani et al., , 2002 Black et al., 2004) .
Assessments were made in the presence of the accompanying caregivers in a controlled environment at the International Center for Diarrhoeal Disease Research, Bangladesh (ICDDR,B, Dhaka, Bangladesh). Two trained female psychologists, blind to the groups, tested all the infants with high inter-rater reliability (Tofail et al., 2006) .
Behavior ratings
Infants' behavior was rated during Bayley test using a scale modified and designed by Wolke (Wolke et al., 1990) . The scores ranged from 1 to 9 points and ratings included activity (from very still ¼ 1 to overactive ¼ 9), emotional tone (from unhappy to radiates happiness), approach or response to examiner in first 10 min (from avoiding to inviting), cooperation with test procedures (from resists all suggestions to always complies) and vocalization (from very quiet to constant vocal excitement). The inter-observer reliabilities between the tester and trainer on 30 non-study infants were high (Tofail et al., 2006) .
Quality of home stimulation
Home observation of measuring environment inventory (Caldwell, 1967) was used to assess quality of stimulations in the homes. This scale was modified for use in Bangladesh and has also been used in our previous studies (Hamadani et al., 2001 (Hamadani et al., , 2002 . The content of the original inventory remained same and covered six domains of psychosocial stimulation (organization of physical and temporal environment, stimulation, maternal involvement, play materials, avoidance/restriction /punishment and emotional and verbal responsiveness of mother). One female interviewer visited all homes and collected information from each mother in the presence of her baby. Before beginning of the study, the trainer and the inter-observer agreement was high (Tofail et al., 2006) .
Socioeconomic status
We collected information on housing, sanitation, parents' income, education and possessions, type of job and number of family members. Later, we grouped relevant information to constitute different indices like, housing index (construction materials used for roof, walls and floor of the house), crowding index (number of people per room), utility (quality of water and latrine) and asset index (number of household possessions). Parental level of education (p5th or 45th grade), father's job (stable or unstable) and mother's occupation (house wife or working) were treated as dichotomous variables, while family income was used as a continuous variable (Tofail et al., 2006) .
Anthropometry
Mothers' height, weight and MUAC were measured during pregnancy. Infants' weight, supine length and head Developmental outcome of low-birth-weight infants F Tofail et al circumference were measured within 72 h after birth and at 10 months of age. All measurements were made using standard techniques (World Health Organization, 1983) . Weight and length measurements were converted to weightfor-age, length-for-age, weight-for-length (WLZ) and body mass index-for-age Z-scores according to the new WHO child growth standards (WHO, 2006) . Ponderal index was computed by dividing the birth weight in gram by crown-heel length in centimeter cube times 100.
Statistical analysis
We entered and analyzed data using SPSS for WINDOWS (version 11.5; SPSS Inc., Chicago, IL, USA). The distribution of asset index and family income data was right-skewed and were log transformed. The group differences were tested by independent sample t-test and w 2 -test, and bivariate correlations were performed to find out relationships among the socio-demographic variables. Partial correlation and controlling for age and sex was done to see the association between developmental outcomes and socio-demographic, child and maternal factors. Finally, in the multiple linear regression analyses along with age and sex, we controlled for the variables that were significantly different between the groups and were correlated with outcome variables (housing index, assets index, quality of psychosocial stimulation at home, parental education, family income, maternal body mass index, parity and infants' gestational age). In addition as it was an intervention study, we controlled for fish oil capsule intake in all the analyses.
Ethics
The research and ethical review committees of ICDDR,B approved the study protocol and prior informed consents were obtained from the parents of the children.
Results
In general, the population was from low-income community. Only 20% of them were staying in their own houses, 20% owned van/rickshaw and 50% possessed a television. The families differed markedly in socioeconomic status by groups. The LBW infants were from more poor families compared with the NBW infants, considering their house structure, family income and possessions. There were no significant group differences on parental education or occupation, or in receiving number of fish oil capsules through maternal supplementation ( Developmental outcome of low-birth-weight infants F Tofail et al circumference (30.96±1.7 vs 32.88±1.5 cm, Po0.001) were significantly lower in the LBW group compared with the NBW group. These differences remained at the age of 10 months and LBW infants did not catch up in their growth to NBW ones (Table 2) . Correlations between developmental outcomes and socioeconomic and biological variables (age and sex controlled) showed moderate associations (Table 3) . Housing, paternal education, mother's body mass index and all birth anthropometric measures were significantly associated with both MDI and PDI except gestational age, which was significantly related to PDI only.
Figures 1 and 2 show mean differences of MDI, PDI, activity and emotional tone scores by the two groups. Compared with NBW infants, the LBW infants had significantly lower MDI (99.5 ± 7.0 vs 102.9 ± 8.0, P ¼ 0.002), and PDI (96.8 ± 10 vs 102.7 ± 10, Po0.001) scores, were less active (5.3±1.4 vs 6.0±1.4, Po0.001) and they were fussier (5.2±1.5 vs 5.8±1.5, P ¼ 0.014). Table 4 shows regression coefficients (B) with 95% confidence intervals (CI) and P-values for significant independent variables from multiple regression analyses. After controlling for all possible confounders (variables different between the groups or correlated with the outcomes), the LBW group showed significantly lower scores on MDI (B ¼ 2.7, 95% CI: 0.6-4.8), PDI (B ¼ 3.5, 95% CI: 1.0-6.0) and activity rating (B ¼ 0.5, 95% CI: 0.1-0.8). Albeit the difference in emotional tone remained in the same direction in multiple regressions, it failed to reach conventional significant level after controlling for possible confounders (B ¼ 0.4, 95% CI: from À0.07 to 0.8; P ¼ 0.098). 
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In further analyses, we subgrouped the present sample into T-LBW (n ¼ 52) and T-NBW (n ¼ 166) and examined the group differences on developmental outcomes using similar regression analyses. The findings were comparable showing significantly better scores of T-NBW on MDI (B ¼ 3.3, 95% CI: 1.0-5.5; P ¼ 0.004), PDI (B ¼ 3.3, 95% CI: 0.6-6.0; P ¼ 0.017) and activity (B ¼ 0.5, 95% CI: 0.04-0.9; P ¼ 0.03) compared with T-LBW.
Discussion
In this study LBW infants showed significantly lower scores on MDI, PDI and activity level than NBW infants, after controlling for all measured socioeconomical and biological confounders. We did not find any documented report from Bangladesh on developmental outcomes of LBW infants. However, our findings were similar to the findings of many other studies in industrialized (Roth et al., 1999) and least developed countries (Lundgren and Tuvemo, 2008) .
We used the conventional cutoff of birth weight less than 2500 g to address the population at risk for developmental outcomes. Followup studies of LBW children have consistently shown that early developmental delay predicts longterm developmental and behavioral problems (Pryor, 1992; Pryor et al., 1995) . Small difference in early age may persist as minor neurological deficits and might affect schooling and behavior of children in later life (Fitzhardinge and Steven, 1972; Westwood et al., 1983; Parkinson et al., 1986; Low et al., 1992; Paz et al., 1995) . In the Brazilian infants, the differences in the developmental measures between the T-LBW and T-NBW groups increased between 6 and 12 months (Grantham-McGregor, 1998) .
It is important to identify the type and timing of the biological insults during antenatal period responsible for becoming LBW in these children. In this population-based study we had limitations in collecting information about prenatal insults, which may have affected these infants' growth and development. However, LBW infants came from comparatively lower socioeconomic status and significantly more mothers in that group were suffering from chronic energy deficiency (body mass index o18.5: 47% in LBW vs 26% in the NBW groups), which may have resulted in LBW in these babies. Our results indicate that all LBW infants, particularly T-LBW infants, who represent majority of LBW infants in developing countries, are at greater risk of developmental delays. Another important finding is lack of catch up growth of LBW population in this community, although the period is only 10 months.
The disadvantages shown in the T-LBW infants might have resulted from intrauterine growth retardation that affected both their physical and mental development as a result of prolonged adaptation with adverse uterine environment. Another limitation of the study was the smaller sample size, so considering equality of variances, parametric tests for group comparisons were performed. Confounders are always chance players in these types of post-hoc analyses, and we therefore controlled for all possible factors that might distort the findings in multiple regression analyses and found consistent results.
In summary, it may be concluded that LBW children have poorer mental and psychomotor development, are less active and they are fussier than NBW. Given all limitations, the results are quite impressive and consistent with findings in other developed and developing countries (Valero De Bernabé et al., 2004) . Abbreviations: CI, confidence interval; BMI, body mass index; LBW, low birth weight; MDI, mental developmental index; PDI, psychomotor development index. Regression coefficient (B), standard error (s.e.) P-value (P). Model-step1: age and sex entered. Step2: socio-demographic variables, which differed significantly between both the LBW and NBW groups and were highly correlated with outcome variables, were offered housing, possessions, amount of psychosocial stimulation received at home, parental education and family income.
Step 3: maternal and infant characteristics, which differed significantly between the LBW and NBW groups and were highly correlated with outcome variables-capsule intake, maternal BMI, parity and infants gestational age offered in addition to treatment group.
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